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A\str[]t 

Tb_ mno^s [cgm ni [mm_mm nb_ _``_]n i` gcr_^ `_lncfct_lm, ch]fo^cha ]ihnliff_^ mfiq-

l_f_[m_ NPK (NPK-CRF) [h^ ol_[, jin[mmcog bog[n_ `_lncfct_lm, ih micf `_lncfcns 

[h^ lc]_ sc_f^. Tb_ ih-F[lg Tlc[fm _rj_lcg_hn q[m ][llc_^ ion ih [ffopc[f micf, 

qcnb 2 gi^_fm ]ill_mjih^cha ni 2 `[lgcha n_]bhcko_m: (c) Tl[^cncih[f `_lncfct[ncih, 

[jjfscha ]ihp_hncih[f `_lncfct_lm qcnb nb_ `ilgof[ 92.2 N–82.8 P2O5–22.8 K2O ea/

b[; (cc) N_q a_h_l[ncih `_lncfct_lm (NPK-CRF, ol_[ bog[n_, [h^ jin[mmcog bo-

g[n_) qcnb nb_ `ilgof[ 50.1 N–39.9 P2O5–30.0 K2O. E[]b j[nn_lh q[m l_j_[n_^ 

nbl__ ncg_m, ]ill_mjih^cha ni 3 `[lg_lm. E[]b biom_bif^'m [l_[ cm 1,000g2, ]ofnc-

p[ncha ]ihnchoiomfs nblioab nbl__ m_[mihm i` Wchn_l-Sjlcha (WS), Sogg_l-

Aonogh (SA), [h^ Aonogh-Wchn_l (AW) ch Cb[o Tb[hb A ^cmnlc]n, H[o Gc[ha jlip-

ch]_. Tb_ l_mofnm mbiq_^ nb[n nb_ h_q a_h_l[ncih `_lncfct_l [jjfc][ncih mcahc`c-

][hnfs cgjlip_^ lc]_ sc_f^ [h^ sc_f^ ]igjimcncih i` nb_ Wchn_l-Sjlcha ]lijjcha 

m_[mih (6.92 nihm/b[), Sogg_l-Aonogh (5.94 nihm/b[), [h^ Aonogh-Wchn_l (6.15 

nihm/b[), qbc]b [l_ ^c``_l_hn `lig `[lg_lm' `c_f^m. Folnb_lgil_, nb_ ]ig\ch_^ 

[jjfc][ncih i` NPK-CRF, ol_[-bog[n_, [h^ K-bog[n_ `_lncfct_lm `il lc]_ ch SA [h^ 

AW ]lijm mcahc`c][hnfs l_^o]_^ nb_ nin[f []c^ ]ihn_hn, Af3+ _r]b[ha_ ch nb_ micf 

[h^ cgjlip_^ micf `_lncfcns i` jH, N [h^ [p[cf[\f_ P, ila[hc] g[nn_l (%C). Hiq_p-

_l, nb_l_ q[m hi ^c``_l_h]_ ch micf'm jbsmc][f jlij_lnc_m ip_l nb_ nbl__ `[lgcha 

m_[mihm. Fch[ffs, [^^cha bogc] []c^ ni ]ihnliff_^-l_f_[m_ `_lncfct_l ][h cgjlip_ 

micf `_lncfcns [h^  ch]l_[m_ sc_f^ [h^ sc_f^ ]igjih_hnm, hcnlia_h ojn[e_, _hb[h]_ 

hcnlia_h om[a_ _``c]c_h]s, [ff i` qbc]b b[p_ jimcncp_ sc_f^ [h^ micf ]ihm_ko_h]_m.  

 

K_ywor^s  

Cihnliff_^-l_f_[m_ NPK, K-bog[n_, NPK-CRF, ol_[-bog[n_ 

 

Intro^u]tcon 

Tbl__-]lij lc]_ ]ofncp[ncih b[m ch]l_[m_^ jli^o]ncpcns [h^ lc]_ ionjon. Hiq-

_p_l, chn_hmcp_ `[lgcha [h^ fiha-n_lg om_ i` ]b_gc][f `_lncfct_lm f_[^ ni micf 

^_al[^[ncih [h^ lc]_ sc_f^ (1). Tb_h ][om_m bcab chp_mng_hn ]imnm [h^ fiq 

jli`cn[\cfcns. A]]il^cha ni ih_ l_jiln, ch[jjlijlc[n_ `_lncfctcha [h^ omcha [ fin 

i` ]b_gc][f `_lncfct_lm cm ih_ i` nb_ ][om_m f_[^cha ni fiq `_lncfct_l om_ _ffc-

]c_h]s i` ]lijm \_][om_ `_lncfct_lm [l_ fimn ch g[hs q[sm, mo]b [m NH3 f_[]b-

cha, ip_l`fiq [h^ ^cl_]n mohfcabn, il ^_hcnlc`s (2). Sfiq-l_f_[m_ il ]ihnliff_^-

l_f_[m_ `_lncfct_lm [l_ `_lncfct_lm jli^o]_^ \s h_q n_]bhifias. Tb_ `_lncfct_l 

[^p[hn[a_ cm nb[n cn chn_al[n_m gofncjf_ _f_g_hnm, qbc]b cm mfiq_l ni ^cmmifp_ 

nb[h ]ihp_hncih[f ]b_gc][f `_lncfct_lm; honlc_hnm ch g[hol_ jlipc^_ gil_ 

_rn_h^_^ mojjiln ni jf[hnm (3). Umcha mfiq-l_f_[m_ il mfiq-l_f_[m_ `_lncfct_lm 

qcnb ]ihnlif ch lc]_ ]ofncp[ncih cm ]ihmc^_l_^ ih_ i` nb_ ijncg[f mifoncihm ni 

l_^o]_ fimm_m, ch]l_[m_ `_lncfct_l om_ _ffc]c_h]s `il jf[hnm [h^ m[p_ 20-30% i` 

`_lncfct_l. F_lncfct_lm [l_ ]igj[l_^ ni ]ihp_hncih[f `_lncfct_lm (4). B_mc^_m, nb_ 

mno^s [fmi l_]il^_^ [h ch]l_[m_ ch lc]_ sc_f^, cgjlip_^ liin mnlo]nol_, gil_ 

_rn_hmcp_ f_[` [l_[ ch^_r [h^ bcab_l jbinimshnb_nc] ][j[]cns qb_h om_^ (5). 
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bnnjm://jf[hnm]c_h]_ni^[s.ihfch_ 

Sfiq-^cmmifpcha `_lncfct_l. Oh lc]_ ]ofncp[ncih f[h^, nb_ l_m-

nil[ncih il g[chn_h[h]_ i` micf `_lncfcns g[chfs ^_j_h^m ih 

nb_ ila[hc] g[nn_l ]ihn_hn i` nb_ micf (6). R_m_[l]b mbiqm 

nb[n bog[n_ m[fnm mo]b [m K-bog[n_ [h^ ol_[-bog[n_ ][h 

\_ om_^ [m [fn_lh[ncp_ ila[hc] miol]_m ni cgjlip_ jbsmc]i-

]b_gc][f [h^ \cifiac][f jlij_lnc_m (7). Sicf b_fjm jf[hnm 

qcnbmn[h^ [^p_lm_ _hpclihg_hn[f ]ih^cncihm, b_fjm jf[hnm 

aliq q_ff, [h^ ch]l_[m_m ]lij jli^o]ncpcns. R_m_[l]b [fmi 

mbiqm nb[n [jjfscha K-bog[n_ il ol_[-bog[n_ `_lncfct_lm 

b_fjm l_^o]_ nb_ hog\_l i` ]b_gc][f `_lncfct_lm [h^ b_fjm 

jf[hnm aliq mgiinbfs, ch]l_[m_m honlc_hn [\miljncih [h^ 

cgjlip_m ]lij sc_f^m (8). Umcha [ ]ig\ch[ncih i` mfiq-

l_f_[m_ `_lncfct_lm b_fjm []bc_p_ fiha-n_lg momn[ch[\f_ ion-

]ig_m qb_h chn_hmcp_ `[lgcha, g[chn[chcha jlij_l honlc-

_hn lin[ncih ch nb_ micf-jf[hn msmn_g. Hiq_p_l, [n jl_m_hn, 

gimn `[lg_lm ch lc]_-chn_hmcp_ [l_[m mncff `_lncfct_ []]il^cha 

ni ]omnig, oh\[f[h]_^ `_lncfct[ncih, qbc]b ch]l_[m_m jli-

^o]ncih ]imnm, l_^o]_m jli`cnm [h^ ][om_m ^_al[^[ncih i` 

nb_ micf _hpclihg_hn. Tb_l_`il_, nb_ _rj_lcg_hn q[m ]ih-

^o]n_^ ni _p[fo[n_ nb_ _ff_]ncp_h_mm i` nb_ ]ig\ch_^ [j-

jfc][ncih i` ]ihnliff_^ mfiq-l_f_[m_ NPK `_lncfct_l, K-

bog[n_ [h^ ol_[-bog[n_ ch cgjlipcha nb_ `_lncfcns [h^ 

sc_f^ i` chn_hmcp_ lc]_ ih [ffopc[f micfm qcnbion []]l_ncih ch 

nb_ M_eiha D_fn[, Vc_nh[g.  

 

M[t_rc[ls [n  ̂M_tbo^s   

Study site and materials:  

Tb_ _rj_lcg_hn q[m ][llc_^ ion [h^ nb_ Wchn_l-Sjlcha 

]lij 2018-19, Sogg_l-Aonogh 2019 [h^ F[ff-Wchn_l 2019 

ih H[jfc-Eonlc]-Gf_smifm micf ch T[h Hi[ ]iggoh_, Cb[o 

Tb[hb A ^cmnlc]n, H[o Gc[ha jlipch]_ (9°8967341'N, 105°

6174500'E) qcnb jbsmc]i - ]b_gc][f jlij_lnc_m mo]b [m: micf 

jH   p[fo_ q[m 5.50; _f_]nlc][f ]ih^o]ncpcns (EC) p[fo_ q[m  

0.9 gS/]g; [p[cf[\f_ hcnlia_h (31.2 gaN/ea); [p[cf[\f_ 

jbimjbilom (14.2 ga P2O5/ea); Af3+ _r]b[ha_ (2.17 

g_k/100 a); nin[f []c^ (1.83 g_kH+/100 a); Ola[hc] g[nn_l  

(5.05% C); 47.0 % Cf[s; 50.4 % Scfn; 2.60 % S[h^, \ofe ^_hmc-

ns (1.05 a/]g3). 

Rc]_ p[lc_ns: IR50404 cm ]iggihfs ]ofncp[n_^ fi][ffs, mocn[-

\f_ `il 3 ]lijm/s_[l [h^ sc_f^m 6-8 nihm/b[.  

F_lncfct_lm: Tb_ _rj_lcg_hn om_^ 2 nsj_m i` `_lncfct_lm: (1) 

Tl[^cncih[f `_lncfct_lm (]iggih `_lncfct_lm) mo]b [m NPK (20-

20-15), DAP (18-46-0), Ul_[ (46% N) [h^ KCf (60% K2O) [l_ 

`_lncfct_lm ]iggihfs om_^ \s `[lg_lm (2) [h^ `_lncfct_lm 

jli^o]_^ \s h_q n_]bhifias mo]b [m ]ihnliff_^-l_f_[m_ 

mfiq -l_f_[m_ ]igjioh^ NPK 18-14-18 (NPK-CRF), Ul_[-

bog[n_ (]ihn[chcha 46%N, 200 jjg MaO, 250 jjg C[O, 

3,000 jjg ScO2 [h^ 1.2% bogc] []c^, jH 7-9), K - bog[n_ 

(81% bogc] + `ofpc], 19% K2O; 1.4% C[2+, 100 jjg B, jH = 9

-10, gicmnol_ 12%).  

Experimental designed:  

Tb_ Oh-F[lg Tlc[fm _rj_lcg_hn q[m ][llc_^ ion ih nb_ 

`c_f^m i` nbl__ [^d[]_hn `[lg_lm (ni gchcgct_ p[lc[ncihm ch 

micf jlij_lnc_m, []]_mm ni q[n_l, p[lc_ns, m__^cha ^_hmcns, 

`_lncfct_l ko[hncns [h^ ]lijjcha m]b_^of_), ]ill_mjih^cha 

ni nbl__ l_jfc][n_m. Tb_ [l_[ `il _[]b lc]_-aliqcha biom_-

bif^ cm 1000g2, ]ofncp[n_^ [h^ `_lncfct_^ ch nqi q[sm: (c) 

Cihnlif `c_f^ (`[lg_l'm `c_f^): Tl[^cncih[f `[lgcha, miqcha 

^_hmcns 150ea/b[, ol_[, DAP, [h^ ]iggih KCf, `ilgof[ 

92.2 N–82.8 P2O5–22.8 K2O; (cc) Erj_lcg_hn[f `c_f^: Ig-

jlip_^ lc]_ ]ofncp[ncih, miqcha ^_hmcns i` 130ea/b[, [jjfs-

cha `_lncfct_l qcnb h_q n_]bhifias (]ig\ch[ncih i` NPK-

CRF, K-bog[n_, [h^ ol_[-bog[n_), `ilgof[ 50.13 N– 39, 86 

P2O5 – 30.04 K2O.  

Treatments:  

(c) Cihnlif `c_f^: F_lncfct_l [jjfc_^ 4 ncg_m: 1mn ncg_: 1/5 

[giohn i` ol_[ [n 7 ^[sm [ft_l miqcha (DAS); 2h^ ncg_: 1/3 

i` ol_[ + 1/3 i` DAP ih 18 DAS; 3l^ ncg_: 1/3 Ul_[ + 1/3 DAP 

+ 1/2 NPK ni 35 DAS; 4nb ncg_: 1/3 Ul_[ + 1/3 DAP +1/2 NPK 

+ 100% KCf ch 45 DAS. 

(cc) Erj_lcg_hn[f `c_f^: F_lncfct_l q[m [jjfc_^ 3 ncg_m [n `offs 

`_lncfct_^ qcnb NPK-CRF mfiq-l_f_[m_ `_lncfct_l \_`il_ `ch[f 

ncff[a_ [h^ jfiq_^ [h^ \olc_^ ch nb_ micf; 1mn [jjfc][ncih: 

1/2 ol_[-bog[n_ + 1/2 DAP + 2/3 KCf ih 18 DAS; 2h^ [jjfc-

][ncih: 1/2 ol_[ bog[n_ + 1/2 DAP + 1/3 KCf ih 45 DAS. 

M[chfs, K-bog[n_ `_lncfct_l q[m [jjfc_^ ihfs 2 ea/b[ ch 

Sogg_l-Aonogh [h^ Aonogh-Wchn_l ]lijm 2 ncg_m: 18 

DAS [h^ 45 DAS qcnb 1/2 [giohn i` jin[mmcog ch _[]b 

\[n]b. 

 Rc]_ ]ofncp[ncih n_]bhcko_m q_l_ ^ih_ nb_ m[g_ ch 

`[lg_l'm `c_f^m. Tb_ ihfs ^cff_l_h]_ \_nq__h nb_ _rj_lc-

g_hn[f [h^ `[lg_l `c_f^m cm nb_ miqcha ^_hmcns, ^im[a_ [h^ 

nsj_ i` `_lncfct_l. 

Sampling, monitoring and data analysis:  

Sicf m[gjf_m: q_l_ ]iff_]n_^ [n nb_ `iffiqcha ncg_m: (c) E[l-

fs ]lij m_[mih 2018-2019; (cc) nb_ _h^ i` nb_ 2018-2019 

]lijjcha m_[mih; (ccc) [n nb_ _h^ i` nb_ 2019 ]lij; [h^ (cp) [n 

nb_ _h^ i` nb_ 2019 ]lij. Sicf m[gjf_m q_l_ ]iff_]n_^ \s 

b[h^ ^lcff, ^_jnb `lig 0-20 ]g [n 5 fi][ncihm ch _[]b _rj_l-

cg_hn[f `c_f^, ^lc_^, micf `il [h[fsmcm: ^_hmcns, ^_hmcns, micf 

jilimcns, jH, EC, ila[hc] g[nn_l, [p[cf[\f_ N, [p[cf[\f_ P, 

_r]b[ha_[\f_ Af3+, nin[f []c^. 

Yc_f^ [h^ sc_f^ ]igjih_hnm i` lc]_: Nog\_l i` j[hc]f_m/g2, 

hog\_l i` m__^m/j[hc]f_, j_l]_hn[a_ i` `clg m__^m, 1000 

m__^m q_cabn.  

A]no[f sc_f^ (nih/b[): D_n_lgch_^ ih [h [l_[ i` 5g2 [h^ 

]ihp_ln_^ ni bogc^cns 14% \s [ bsalig_n_l. 

Soil analysis:  

Sicf m[gjf_m q_l_ [h[fst_^ []]il^cha ni mn[h^[l^ jli]_-

^ol_m (9); (10): Sicf jH [h^ micf EC (gS/]g) q_l_ _rnl[]n_^ 

qcnb ^cmncff_^ q[n_l (1:2.5) [h^ g_[mol_^ qcnb jH [h^ EC 

g_n_l. Ola[hc] g[nn_l (%C) q[m ^_n_lgch_^ \s nb_ 

W[fef_s Bf[]e g_nbi^. E[mcfs ^ca_mnc\f_ jbimjbilom [h[-

fst_^ \s Bl[s II g_nbi^. Ap[cf[\f_ hcnlia_h (NH4
+, NO3

-) q[m 

_rnl[]n_^ qcnb 1M KCf [h^ ]ifilcg_nlc][ffs g_[mol_^. Tb_ 

micf ^_hmcns cm ^_n_lgch_^ qcnb [ lcha no\_. Er]b[ha_^ Af3+ 

[h^ nin[f []c^ q[m _rnl[]n_^ qcnb 1M KCf [h^ ^_n_lgch_^ 

\s ^cl_]n ncnl[ncih. 

Data processing:  

Ciff_]n_^ [h^ [h[fst_^ ^[n[ [l_ jli]_mm_^ [h^ ][f]of[n_^ 

\s Mc]limift Er]_f jlial[g; Mchcn[\ 16.0 q[m om_^ ni n_mn 

nb_ T-n_mn [h^ (j[clqcm_ ]igj[lcmih) ni ]igj[l_ nb_ 
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^cff_l_h]_ ch mig_ micf jlij_lnc_m, al[ch sc_f^, [h^ _]i-

higc] _ffc]c_h]s \_nq__h nb_ 2 _rj_lcg_hn[f `c_f^m. 

Tb_ _ffc]c_n]y o` NPK-CRF, Ur_[-bum[t_ [n^ K-bum[t_ 

`_rtclcz[tcon on rc]_-cnt_nscv_ socl `_rtclcty 

Tb_ l_mofnm ch T[\f_ 1 mbiq hi mn[ncmnc][f ^cff_l_h]_ ch ^_h-

mcns, jilimcns [h^ EC p[fo_m ch \inb _rj_lcg_hn[f `c_f^m 

[]limm [ff nbl__ lc]_ ]lijm. Hiq_p_l, nb_l_ cm [ ^cff_l_h]_ ch 

micf jH p[fo_ \_nq__h nb_ cgjlip_^ `_lncfct_^ `c_f^m [h^ 

`[lg_lm' `c_f^m ch nb_ SA 2019 [h^ AW 2019 lc]_ ]lijm. Tb_ 

cgjlip_^ `c_f^m b[p_ [ bcab_l jH (jHH20 > 5.0), qbc]b cm 

mcahc`c][hnfs ^cff_l_hn. ]igj[l_^ qcnb micf jH ch `[lg_lm' 

`c_f^m (jHH20 < 5.0). 

 Tb_ n-n_mn ch T[\f_ 2 mbiqm nb[n: Ih nb_ WS ]lij 18-

19, nb_l_ q[m hi ^cff_l_h]_ ch nb_ ]ihn_hn i` ila[hc] g[n-

n_l, nin[f []c^, [h^ Af3+ _r]b[ha_^ ch nb_ micf i` nb_ cg-

jlip_^ lc]_ `c_f^  ]igj[l_^ qcnb `[lg_l `c_f^m; Hiq_p_l, 

nb_ ]ihn_hn i`  N [h^ P [p[cf[\f_ ch nb_ micf q[m mcahc`c][hn-

fs ch]l_[m_^ [ft_l ]ofncp[ncih. Ih ]ihnl[mn, ch nb_ Sogg_l - 

 
Clij Sicf jlij_lnc_m 

Erj_lcg_hn[f `c_f^ 
n-p[fo_ 

Igjlip_g_hn ([) F[lg_lm 

WS 18-19 

D_hmcns (a/]g3 ) 1.09 ± 0.06 1.13 ± 0.02 -3.68 hm 

Pilimcns (%) 52.1 ± 1.71 51.7 ±1.97 0.48 hm 

jHH20 (1:2.5) 4.81 ± 0.13 4.75 ± 0.14 0.83 hm 

EC1:2.5 (gS/]g) 0.75 ± 0.11 0.65 ± 0.16 1.79 hm 

SA 2019 

D_hmcns (a/]g3 ) 1.05 ± 0.06 1.08 ± 0.04 -3.62 hm 

Pilimcns (%) 54.2 ± 1.64 53.7 ± 1.93 0.58 hm 

jHH20 (1:2.5) 5.55 ± 0.22 4.57 ± 0.17 8.24 * 

EC1:2.5  (gS/]g) 0.82 ± 0.04 0.96 ± 0.03 -4.02 hm 

AW 2019 

D_hmcns (a/]g3 ) 1.08 ± 0.09 1.05 ± 0.06 3.62 hm 

Pilimcns (%) 54.2 ± 1.64 53.7 ± 1.93 0.58 hm 

jHH20 (1:2.5) 5.47 ± 0.02 5.03 ± 0.19 6.24 * 

EC1:2.5  (gS/]g) 0.44 ± 0.05 0.49 ± 0.05 -2.65 hm 

T[\l_ 1. Sicf jlij_lnc_m ]igj[lcmih i` nbl__ lc]_ ]lijm  

Not_ : (hm) cm hin mcahc`c][hnfs ^cff_l_hn; [ mn[ncmnc][ffs mcahc`c][hn ^cff_l_h]_ [n 1% (*); ± l_jl_m_hnm nb_ p[lc[ncih `lig nb_ g_[h. ([) Igjlip_^ `c_f^: mj[lm_ miqcha, 
]ig\ch_^ `_lncfct[ncih i` NPK-CRF, ol_[-bog[n_, [h^ K-bog[n_  

Clij Sicf jlij_lnc_m 
Erj_lcg_hn[f `c_f^ 

n-p[fo_ 
Igjlip_g_hn ([) F[lg_lm 

WS 18-19 

H+ (g_k/100a) 2.08 ± 0.09 1.97 ± 1.87 3.33 hm 

Af3+ _r]b[ha_ (g_k/100a) 0.89 ± 0.18 0.87 ± 0.14 2.90 hm 

Ap[cf[\f_ N (ga/ea) 40.0 ± 0.22 36.9 ±0.32 8.24 * 

P Bl[s 2 (ga P2O5/ea) 31.6 ± 0.92 22.0 ± 0.75 9.44 * 

Ola[hc] g[nn_l (%) 5.05 ± 0.26 4.93 ± 0.14 4.85 hm 

SA 2019 

H+ (g_k/100a) 2.60 ± 0.09 3.37 ± 0.17 -6.36 * 

Af3+ _r]b[ha_ (g_k/100a) 1.31 ± 0.18 2.75 ± 0.30 -7.54 * 

Ap[cf[\f_ N (ga/ea) 77.9 ± 1.04 47.8 ± 1.69 13.2 * 

P Bl[s 2 (ga P2O5/ea) 39.9 ± 0.74 33.8 ± 0.70 6.17 * 

Ola[hc] g[nn_l (%) 5.75 ± 0.12 4.94 ± 0.37 5.90 * 

AW 2019 

H+  (g_k/100a) 1.92 ± 0.24 2.83 ± 0.14 -9.50 * 

Af3+ _r]b[ha_ (g_k/100a) 0.97 ± 0.08 1.83 ± 0.08 -6.66 * 

Ap[cf[\f_ N (ga/ea) 50.1 ± 1.73 38.2 ± 1.90 6.35 * 

P Bl[s 2 (ga P2O5/ea) 45.8 ± 0.70 34.2 ± 0.48 7.78 * 

Ola[hc] g[nn_l (%) 5.82 ± 0.22 4.98 ± 0.37 7.50 * 

T[\l_ 2. Sicf `_lncfcns jlij_lnc_m ]igj[lcmih i` nbl__ nl_[ng_hnm i` lc]_ ]ofncp[ncih  

Not_ : (hm) cm hin mcahc`c][hnfs ^cff_l_hn; [ mn[ncmnc][ffs mcahc`c][hn ^cff_l_h]_ [n 1% (*); ± l_jl_m_hnm nb_ p[lc[ncih `lig nb_ g_[h. ([) Igjlip_^ `c_f^: mj[lm_ miqcha, 
]ig\ch_^ `_lncfct[ncih i` NPK-CRF, ol_[-bog[n_, [h^ K-bog[n_  
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Aonogh [h^ Aonogh - Wchn_l ]lijm, K-bog[n_ mojjf_g_h-

n[ncih mcahc`c][hnfs cgjlip_^ gimn micf `_lncfcns ]b[l[]n_lcm-

nc]m, mo]b [m ch]l_[mcha jH p[fo_, ila[hc] g[nn_l, ila[hc] N 

[h^ P. In ^_]l_[m_^ nin[f []c^ Af3+ _r]b[ha_[\f_ (T[\f_m 1 

[h^ 2). Tbcm l_mofn mbiqm nb[n `c_f^m ]ofncp[n_^ \s cgjlip_^ 

g_nbi^m qb_h [jjfscha h_q a_h_l[ncih `_lncfct_lm b_fj 

cgjlip_ micf ]b_gc][f jlij_lnc_m. Tb_ bog[n_ ]ihn_hn ch 

`_lncfct_lm ip_l 2 m_[mihm i` [jjfc][ncih b_fjm ch]l_[m_ il-

a[hc] g[nn_l ch nb_ micf. Tb_ cgjlip_^ micf cm mcahc`c][hnfs 

^cff_l_hn `lig nb_ `[lg_lm' ]ihp_hncih[f `_lncfct_l `c_f^m. In 

q[m l_]il^_^ nb[n nb_ _ff_]n i` K-bog[n_ ih nb_ ch]l_[m_ 

i` b_fj`of honlc_hn ]ihn_hn ch nb_ micf (N, P, K) (11). 

Eff_]t o` NPK-CRF, ur_[-bum[t_ [n^ K-bum[t_ `_rtclcz[-

tcon on rc]_ yc_l^ [n^ ]ompon_nts 

Tb_ l_mofnm ch T[\f_ 3 [h^ Fca. 4 mbiq nb[n nb_ sc_f^ i` 

cgjlip_g_hn nl_[ng_hn cm [fq[sm bcab_l nb[h nb_ ]ihnlif 

`c_f^ `lig [ff ]lijjcha m_[mihm. In q[m g[chfs ^o_ ni nb_ 

ch]l_[m_ i` j[hc]f_ hog\_l/g2 (Fca. 1), qbcf_ inb_l sc_f^ 

]igjih_hnm q_l_ hin mcahc`c][hnfs ^c``_l_hn (Fca. 2, 3). 

Tb_m_ ][h \_ _rjf[ch_^ nb[n nb_ j[hc]f_ mb[^cha [l_[ [h^ 

][hijs _h]fimol_ l_mofn ch l_^o]_^ fcabn nl[hmgcnn[h]_ 

nb[n f_[^m ni fiq fcabn _h_las oncfct[ncih _``c]c_h]s, qbc]b 

cm hin `[pil[\f_ `il nb_ b_[^cha [h^ g[nol_ mn[a_ i` lc]_ 

(12). 

 Ih a_h_l[f, nb_ \[f[h]_^ NPK `_lncfct[ncih [h^ h_q 

a_h_l[ncih `_lncfct_lm b_fj g[chn[ch [h^ ch]l_[m_ nb_ hog-

\_l i` j[hc]f_m/g2 [h^ nb_h ch]l_[m_ lc]_ sc_f^ [h^ nb_ 

\cig[mm i` mnl[q. A^^cha K - bog[n_ ch nb_ Sogg_l - Ao-

nogh [h^ Aonogh -Wchn_l ]lijm b_fjm g[e_ nb_ hog\_l i` 

j[hc]f_m/g2 ch nb_ cgjlip_^ `c_f^ ^cff_l_hn `lig nb[n i` nb_ 

`[lg_l'm `c_f^. Ih [^^cncih, K - bog[n_ [h^ ol_[ bog[n_  

g[s cgjlip_ micf jH, N [h^ P [p[cf[\cfcns; ch]l_[m_ nb_ 

hog\_l i` jl[]nc][f mbiinm; mnl[q \cig[mm [h^ lc]_ sc_f^ 

q_l_ \inb bcab [h^ ^cff_l_hn `lig `[lg_lm' `c_f^m. In q[m 

[fmi ]ih]fo^_^ nb[n bogc] b_fjm mncgof[n_ liin aliqnb 

nblioab liin giljbifias ]b[ha_m, l_aof[n_m honlc_hn [\-

miljncih []ncpcnc_m, b_fjm \[f[h]_ irsa_h [h^ bilgih_m 

[h^ ch]l_[m_m ]lij sc_f^ (13).  

Clij Yc_f^ [h^ sc_f^ ]igjih_hnm 
Erj_lcg_hn[f `c_f^ n-p[fo_ 

Igjlip_g_hn ([) F[lg_lm   

WS18-19 

Nog\_l i` j[hc]f_/g2 582 ± 35.2 535 ± 18.8 3.97 * 

Fcff_^ m__^m (%) 87.9 ± 0.22 87.1 ± 0.17 3.54 hm 

M[ W_cabn mm i` 1000 m__^m (a) 26.6 ± 1.17 26.1 ± 1.04 0.68 hm 

Yc_f^ (nih/b[) 6.92 ± 0.07 6.72 ± 0.09 5.22 * 

SA 2019 

Nog\_l i` j[hc]f_/g2 518 ± 43.6 483 ± 24.2 6.30 * 

Fcff_^ m__^m (%) 81.6 ± 0.30 80.0 ± 0.24 4.52 hm 

W_cabn i` 1000 m__^m (a) 26.6 ± 1.19 26.8 ± 0.88 0.68 hm 

Yc_f^ (nih/b[) 5.94 ± 0.04 5.21 ± 0.03 6.99 * 

AW 2019 

Nog\_l i` j[hc]f_/g2 557 ± 18.6 497 ± 17.0 5.96 * 

Fcff_^ m__^m (%) 80.7 ± 0.77 78.3 ± 0.58 1.12 hm 

W_cabn i` 1000 m__^m (a) 26.5 ± 0.67 26.7 ± 0.39 -0.98 hm 

Yc_f^ (nih/b[) 6.15 ± 0.18 5.63 ± 0.33 5.25 * 

T[\l_ 3. Rc]_ sc_f^ [h^ sc_f^ ]igjih_hnm ]igj[l[ncih  

Not_ : (hm) cm hin mcahc`c][hnfs ^cff_l_hn; [ mn[ncmnc][ffs mcahc`c][hn ^cff_l_h]_ [n 1% (*); ± l_jl_m_hnm nb_ p[lc[ncih `lig nb_ g_[h. ([) Igjlip_^ `c_f^: mj[lm_ miqcha, 
]ig\ch_^ `_lncfct[ncih i` NPK-CRF, ol_[-bog[n_, [h^ K-bog[n_ 

Fca. 1. P[hc]f_ Nog\_l/g2 i` nl_[ng_hnm [n ^cff_l_hn ]lijjcha m_[mihm Fca. 2. Fcff_^ m__^m (%) i` nl_[ng_hnm [n ^cff_l_hn ]lijjcha m_[mihm 
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 M[hs mno^c_m b[p_ mbiqh nb[n [jjfc][ncih ]ih-

nliff_^-l_f_[m_ N `_lncfct_lm (CRF), ol_[ (jifsg_l-]i[n_^ 

[h^ mof`ol-]i[n_^) b_fj_^ l_^o]_ nb_ hog\_l i` N `_lncfct-

_l, ch]l_[m_^ lc]_ sc_f^ \s 5–6% ih [p_l[a_ (14-16). Clij 

jli^o]ncpcns ][h \_ cgjlip_^ \s hcnlia_h [jjfc][ncih, \on 

nb_ N fimm_m [h^ _hpclihg_hn[f jiffoncih lcme qcff ch]l_[m_ 

[m nb_ []]ogof[n_^ gch_l[f N _r]__^m ]lijm ^_g[h^ (17). 

Igjlipcha nb_ [\miljncih [h^ oncfct[ncih l[n_ i` ol_[ hcnli-

a_h ch `_lncfct_l jf[sm [ p_ls cgjiln[hn lif_ ch [alc]ofnol[f 

jli^o]ncih [h^ _hpclihg_hn[f jlin_]ncih (18). Cihnliff_^-

l_f_[m_ `_lncfct_l ][h l_aof[n_ honlc_hn l_f_[m_ msh]bli-

hiomfs qcnb ]lij honlc_hn [\miljncih, qbc]b ][h mcahc`c-

][hnfs cgjlip_ nb_ hcnlia_h [\miljncih i` g[ct_ ]ig-

j[l_^ qcnb ]iggih ol_[. 

 

Con]luscon 

Tb_ _rj_lcg_hn q[m l_j_[n_^ ch 3 ^cff_l_hn m_[mihm 

(mjlcha, [onogh [h^ mogg_l-[onogh). Tbcm mno^s ]ih-

`clg_^  h_q a_h_l[ncih `_lncfct_l [jjfc][ncih (NPK-CRF, 

ol_[-bog[n_ [h^ K-bog[n_) cgjlip_^ sc_f^ [h^ sc_f^ 

]igjih_hn i` nb_ Wchn_l-Sjlcha lc]_ ]lijjcha m_[mih (6.92 

nihm/b[), Sogg_l-Aonogh (5.94 nihm/b[) [h^ Aonogh-

Wchn_l (6.15 nihm/b[), qbc]b [l_ ^cff_l_hn `lig `[lg_lm' 

`c_f^m. Tb_ ]ig\ch_^ [jjfc][ncih i` NPK-CRF, ol_[-bog[n_ 

[h^ K-bog[n_ `_lncfct_lm `il lc]_ ch SA [h^ AW ]lijm mcahc`c-

][hnfs l_^o]_^ nb_ nin[f []c^ ]ihn_hn, Af3+ _r]b[ha_ ch nb_ 

micf [h^ cgjlip_^ micf `_lncfcns jH [h^ N honlc_hnm. Ap[cf[-

\f_ P, ila[hc] g[nn_l  (%C). Tb_l_ cm hi ^cff_l_h]_ ch micf 

jbsmc][f ]b[l[]n_lcmnc]m ip_l nb_ 3 lc]_ ]lijm. Fch[ffs, ]ih-

nliff_^-l_f_[m_ `_lncfct_l ][h cgjlip_ micf `_lncfcns qbcf_ ch-

]l_[mcha sc_f^ [h^ sc_f^ ]igjih_hnm, hcnlia_h ojn[e_ [h^ 

hcnlia_h oncfct[ncih _ffc]c_h]s, [ff i` qbc]b b[p_ [ `[pil[\f_ 

sc_f^ [h^ micf cgj[]n.  
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